Introduction
Extracranial carotid artery aneurysms (ECAAs) are rare, but they are important for stroke physicians to recognize because of their high rate of cerebral embolism. 1) Open surgery is a common treatment and reported to be effective. 2, 3) However, with recent advances in medical devices, endovascular treatment of ECAA is increasing, with covered stents being used in a relatively large number of cases. 4) A patient who underwent overlapped stenting with uncovered stents for treatment of a giant thrombosed common carotid artery aneurysm is reported.
Case Report
A 59-year-old woman who was on hemodialysis for chronic renal failure presented to our hospital with chief complaint of a pulsatile mass on the left side of her neck. She had no recent history of head and neck surgery or trauma. Clinical examination revealed no clearly abnormal neurological findings. Three-dimensional computed tomography angiography performed for detailed examination revealed severe atherosclerosis with calcification from the aortic arch to the carotid arteries, and in the left common carotid artery (CCA), there was a giant thrombosed aneurysm measuring 5.3 cm × 4.3 cm (Fig. 1A, B ). In addition, there was asymptomatic near occlusion of the contralateral right internal carotid artery (ICA) (Fig. 1B) .
Extracranial carotid artery aneurysms (ECAAs) are rare, and their treatment is very difficult and challenging. The case of a 59-year-old woman who presented with a pulsatile mass on the left side of her neck, was diagnosed with a left-sided giant thrombosed common carotid artery aneurysm, and underwent definitive treatment by overlapped stenting, is presented. Overlapped stenting is a safe and an effective treatment procedure for ECAA. A covered stent would theoretically be reasonable and immediately effective, but its long-term patency remains unknown. Therefore, in patients lacking ischemic tolerance and those not requiring urgent intervention, overlapped stenting using uncovered stents is preferable. (Fig. 2A) . However, since the guidewire could not be passed through the lesion, the procedure was abandoned.
Keywords
Treatment of the left CCA giant thrombosed aneurysm was rescheduled and performed another day. Under local anesthesia, with a transfemoral approach, a Launcher 8F guiding catheter (Medtronic, Santa Rosa, California, USA) was guided to the left CCA. During the procedure, heparin was injected intravenously to control the activated clotting time to about 300 sec. The FilterWire EZ (Boston Scientific Corp., Natick, Massachusetts, USA) was guided to and placed in the petrous portion of the left ICA. Because of severe stenosis proximal to the aneurysm (Fig. 2B ), this stenotic site was first predilated with an 8 mm × 20 mm Sterling balloon (Boston Scientific). Since the maximum diameter of the left CCA was 13 mm, a self-expanding 14 mm × 60 mm E-Luminexx stent (BARD, Tempe, Arizona, USA) was placed to properly cover the aneurysm neck. The E-Luminexx stent is a 0.035-inch compatible stent, and it was guided over two wires, a 0.014-inch CHIKAI microguidewire (Asahi Intecc, Aichi) and a 0.014-inch FilterWire EZ. After post-dilation with a 9 mm × 20 mm Sterling balloon, another 14 mm × 60 mm E-Luminexx stent was placed at the same site. After overlapped stenting, blood flow to the aneurysm decreased markedly (Fig. 2C) .
The pulsatile mass on the left side of her neck regressed gradually for 2 weeks post-procedure. Carotid ultrasound 1 month post-procedure showed complete thrombosis of the aneurysm and reduction of the aneurysm size compared with pre-procedure (Fig. 3A, B) . At 2 months post-procedure, the pulsatile mass on the left side of her neck had almost disappeared. Follow-up angiography 6 months post-procedure showed absolutely no blood flow to the aneurysm (Fig. 2D) . Subsequently, the patient had no cerebral ischemic complications and was doing well at outpatient follow-up. Unfortunately, at 16 months post-procedure, she had a sudden acute myocardial infarction and died.
Discussion
ECAAs are rare, accounting for only about 0.4-4% of all peripheral artery aneurysms.
4) The causes of ECAA are reported to include atherosclerosis, trauma, infection, postcarotid endarterectomy, fibromuscular dysplasia, and Takayasu disease; however, atherosclerosis is the most common cause, occurring in about 70% of cases. 3, 5) Since the present patient was on dialysis for chronic renal failure, and there was no history of trauma or infection, atherosclerosis was the likely cause.
The most common mode of presentation of an ECAA is cerebral ischemic symptoms due to an embolism from an intra-aneurysmal thrombus, and about one-half of patients has a transient ischemic attack or cerebral infarction. 1, 3, 4) Other modes of presentation include a pulsatile mass in the neck, as in the present patient, as well as lower cranial nerve palsies and Horner's syndrome. When symptoms of compression due to an aneurysm are severe, airway obstruction may develop, but aneurysm rupture is relatively uncommon.
When an ECAA is managed conservatively without surgical intervention, high rates of cerebral infarction during follow-up have been reported. 1) Therefore, aggressive treatment intervention is necessary. Open surgery is regarded as standard treatment, and carotid artery ligation, aneurysmectomy with patch angioplasty, aneurysmectomy with endto-end anastomosis, and aneurysmectomy with interposition bypass grafting have been performed. 2, 3, 5) Carotid artery ligation is technically easy, but in a patient like the present one without ischemic tolerance and with a lesion involving the CCA, this cannot be performed. Moreover, surgical procedures other than carotid artery ligation are technically more difficult, and the risk of lower cranial nerve palsies after the procedure is higher. 3) Endovascular treatment is less invasive than open surgery, and endovascular treatment for ECAA is increasingly being reported in recent years. 6) However, covered stents are used relatively often in such cases. 4) Although a covered stent would certainly be reasonable, rapidly effective, and seem to be an ideal device, the long-term patency of covered stents is unknown. Covering materials for covered stents include expanded polytetrafluoroethylene (ePTFE), polyethylene terephthalate, and silicone. Of these, ePTFE induces few foreign-body reactions, 7) so it is widely used in vascular procedures. However, it has been reported that the primary patency rate of ePTFE-covered stents at 12 months after placement in the femoropopliteal artery was approximately 55%. 8) Therefore, in a patient like the present one without ischemic tolerance, a covered stent should not be used. For this reason, overlapped stenting using open-cell type E-Luminexx uncovered stents was performed.
Overlapped stenting, by virtue of increased stent mesh density, is likely to enhance the flow diversion effect and promote intra-aneurysmal thrombosis.
9-11) The significance of increased stent mesh density might seem to favor a closedcell type stent, but closed-cell type stents are characterized by poorer conformability to the vessel wall. The present patient had severe atherosclerosis of the CCA, with irregularities of the vessel wall and differences in luminal diameter, and moreover, there was severe stenosis proximal to the aneurysm. If a closed-cell type stent were placed in this type of situation, the stent would not conform well to the vessel wall at the aneurysm neck site, so space might develop between the stent and aneurysm neck, thus reducing the flow diversion effect. Therefore, an open-cell type stent with better stent conformability was selected. Although an opencell type stent has less stent mesh density, a satisfactory flow diversion effect was achieved in the present patient by overlapped stenting. Endovascular treatment of ECAAs may also include a method of combining coil packing into the aneurysm sac with stent placement.
12-15) This is effective for small aneurysms, but for large aneurysms, many coils are needed, and the coils themselves can cause a mass effect, so they are not recommended.
Overlapped stenting provided definitive treatment for the ECAA in the present patient, but this technique may not be effective in all such cases. Therefore, treatment options must be carefully considered in each patient based on that patient's symptoms, ischemic tolerance, and the cause, shape, and size of the aneurysm.
14) Debate continues on whether to use covered stents or uncovered stents. However, the long-term patency of covered stents is unknown. Therefore, in patients without ischemic tolerance, and in those who are not in an urgent situation, such as aneurysm rupture or airway obstruction, use of an uncovered stent is preferable.
Finally, according to the literature, cardiac complications are common in patients with an ECAA. Zhou et al. 6) reported that, among 42 patients who were followed up for a mean of 4.6 years after ECAA treatment, 11 patients died due to cardiac disease. This is convincing, considering that atherosclerosis is the most common cause of ECAA. When treating patients with an atherosclerotic ECAA, referral to a cardiologist for a consultation is recommended.
Conclusion
Overlapped stenting is a safe and effective treatment procedure for an ECAA. In patients without ischemic tolerance, and in those not requiring urgent intervention, overlapped stenting with uncovered stents instead of a covered stent may be preferable. Since patients with an atherosclerotic ECAA are also likely to have underlying cardiac disease, they should be referred to a cardiologist for a consultation. 
